measurement accuracy of 1-2 mm Hg. 6, 7 However, the accuracy of pressure measurements by Manoscan 360™ esophageal HRM system (hereto Manoscan) is potentially limited by the development of a pressure drift (PD). [8] [9] [10] [11] The PD has generally been attributed to the changes in temperature caused by the warming of the sensors inside the body 6, 7 and duration of pressure recording. 11 During in vivo use of this manometric system the PD is addressed by the uniform adjustment of the baseline pressure within the Manoview™ analysis software using the "thermal compensation" (TC) tool. 7 Recent investigations have shown that the standard operating instructions and available corrective algorithms of Manoview™ software do not adequately correct PD in the Manoscan. 8, 10 In a recent study, we observed that more than 95% of clinical manometry studies exhibit a substantial PD of more than 5 mm Hg. 8 Investigation of the anorectal catheters of the Manoscan™ HRM system replicated these results, and added that accounting for the uncorrected portion of PD changed clinical interpretation of the manometry (normal vs abnormal) in 12.5% of studies. 9 Therefore, PD not only may impact the normative data but also may alter quantitatively driven interpretation of the results exclusively based on pressure values. [8] [9] [10] To date, there has been no systematic in vitro investigation to comprehensively address potential contributing factors to PD in the Manoscan. Previous investigations focused on factors of temperature and duration, but did not explore other physical conditions to which pressure sensors are routinely exposed during clinical manometry. 10, 11 In addition, the effects of different phys- 
| ME THODS
We performed HRM recordings using three different models of 
| Experimental protocol
The HRM system was operated by a single trained technician to conduct all studies in a uniform fashion across all experimental conditions. Recordings commenced after a successful system calibration (0-300 mm Hg), and pressures were universally zeroed prior to the onset of recording. Immediately after termination of each experiment, the operator suspended the catheter in the air prior to terminating the manometric recording. In total, we conducted and analyzed 660 in vitro experiments in the following settings:
| Pressure exposure
We placed the HRM catheters in a sealed cylindrical pressure cham- 
Key Points
• The accuracy of pressure measurements by Manoscan system is affected by development of pressure drift (PD) throughout the recording.
• Application of sustained pressure significantly increased PD, and catheter impingement produced remarkable increases in the recorded pressure as well as PD.
• In addition to the known effects of temperature, both sustained pressure exposure and catheter impingement significantly affects the recorded pressure and PD observed at the end of the recording. These effects can be substantial enough to result in erroneous manometric diagnoses.
| Catheter impingement and sensor angulation
To determine the effect of catheter bending or impingement, catheters were passed through a plastic tube that was bent under tension over two protractors affixed to a flat surface to produce 0, 15, 30, 45 and 60-degree angles exactly in two affected pressure sensors. Recordings were obtained from these two sensors while catheter was maintained at atmospheric pressure for a total duration of 180 seconds. Recordings were obtained from sensor pairs from the mid-portion of each catheter. The PD on these two sensors under tension was measured immediately after the catheters were removed from the angulated state.
| Environment and duration of recording
To assess the effects of moisture and acidity, catheters, were placed in the sealed pressure chamber in a horizontal orientation. The chamber was filled with saline or 0.1 normal hydrochloric acid (pH = 1) to just cover the sensors. The pressure chamber was then connected to the computer-controlled barostat device and pressures were recorded with and without 50 mm Hg of pressurization (10, 30 , and 60 minutes of duration).
| Temperature and duration of recording
To determine effect of temperature, catheters were immersed in a general purpose water bath filled with water at 3 cm depth without pressurization. Temperature was set at 0, 22, 37, and 50°C for duration of 10, 30, and 60 minutes.
| Data analysis
The entire recorded pressure dataset for each manometry study 
| RE SULTS
At room temperature, without application of pressure, and in absence of sensor angulation, PD remained negligible regardless of the duration of recording and other factors (<2 mm Hg).
| Pressure experience
The actual pressure value was consistently under-recorded for all sensors. At each pressure level of the barostat device except zero, the pressure recorded by the sensors averaged 2.9 ± 0.7 mm Hg lower than the barostat generated pressure persistently ( Figure 1A ). Figure 1D )
were significantly lower than those obtained at 0.5 second (the time interval recommended by the manufacturer).
| Catheter impingement
High-resolution manometry catheter impingement associated with angulation of pressure sensors resulted in the recording of pressure values that linearly correlated with increased angulation for both combined pressure-impedance and standard catheters ( Figure 2A ).
In addition, increasing the angle of catheter impingement resulted in significantly higher PD and higher variance of PD, that were most noticeable for the standard adult catheters ( Figure 2B ). Each fifteen degrees of increased sensor angulation was associated with average 13.5 ± 4.1 mm Hg of PD in the standard adult HRM catheter (P < .01).
| Environment and duration of recording
The effects of recording environment and study duration on the PD were more variable, and thus less predictable, than that of constant pressure application or catheter impingement ( Figure 3) . Compared to recording in air, recording in the presence of acid or saline resulted in a modestly higher PD (1.2 ± 0.4 mm Hg, P < .001). The effect of duration was more consistent in the small diameter catheter, and longer duration of recording (60 minutes) was associated with 1.1 ± 0.5 mm Hg higher PD (P < .05).
| Temperature and duration of recording
All sensors recorded atmospheric pressure with little error at room temperature. Increasing temperature significantly increased PD, but the effects were highly variable among individual sensors. The initial temperature shock generally equilibrated after a couple of minutes into the recording. Higher and lower temperatures resulted in pressure errors that were highly variable from sensor-to-sensor on a given catheter, as well as between catheters of identical and different design ( Figure 4A ). The smallest PD and variance of PD were noted at room temperature. Both higher and lower temperatures resulted in significantly higher PD values but in the opposite algebraic directions ( Figure 4B ). The colder (0°C) and the warmer (50°C) temperatures were associated with −4.8 ± 1.2 mm Hg and 7.9 ± 1.9 mm Hg of PD difference from room temperature PD, respectively. Although the overall trend was for higher positive PD with increasing temperature, some of the pressure sensors inherently demonstrated paradoxical negative PD at 37°C body temperature and a positive PD at 0°C ( Figure 4C ). PD measurement obtained at 5 seconds after the recording period ended (delayed as shown in Figure 4D ) was significantly higher than those obtained at 0.5 seconds (opposite effect of PD measurement timing to pressure-induced PD).
Increased duration of recording significantly increased PD. Effect of study duration was more noticeable in the warmer environment (P < .05). For example at body temperature (37°C), the overall PD after 60 minutes of recording was 3.6 ± 1.0 mm Hg higher than after 10 minutes of recording. However, the effect of study duration on PD at different temperatures was variable, and the trend for larger PD values with longer recording duration was not seen with every catheter.
| D ISCUSS I ON
Both temperature 7 and duration of recording 11 This study shows that sensors of the Manoscan develop substantial pressure-induced PD in a dose-dependent manner even only after ten minutes of recording, which is a required duration for overwhelming majority of clinical HRM studies. Two distinct findings in this study support this hypothesis: (i) the effect of order of pressure exposure, such that when the highest pressure was applied near the end of study the PD was higher and (ii) the observation that PD measurements at 5 seconds after pressure experiments were lower than PD measurements at 0.5 second.
We and others have shown that during clinical manometry, pressure sensors recording in the high-pressure zones (HPZ) display significantly higher susceptibility for PD (retained pressure memory) compared to the sensors recording in non-sphincteric segments of the lumen. 8, 9 Together these studies proposed that nearly half of PD variability could be explained by pressure experience of a sensor throughout a study. . [13] [14] [15] We suspect that catheter impingement in large part may explain the frequent finding of a high IRP value in patients with anatomic abnormalities in the region, in situations where relaxation would be expected to be normal. 16, 17 Indeed, it is noteworthy that the latest criteria for identifying transient lower esophageal sphincter relaxations do not rely on the value of residual pressure at the EGJ. 18 Our data confirm that pressure-induced PD is always in the positive algebraic sign ( Figure 1B ) unlike the temperature-induced PD that could in some sensors develop in the negative algebraic direction ( Figure 4C ) within the warmer body temperature environment. is the potential to have recording errors during clinical studies that might instigate the effects of warmer or colder swallowed bolus (for example, during rapid water swallow) on esophageal motility. As such PD effects would not be consistently present over the entire study, a post-hoc TC algorithm may not account for them accurately ( Figure 7) .
A recent study reported that PD in Manoscan catheters resulted from an initial "thermal shock" plus a sensor-dependent baseline drift that increased during prolonged recordings. 10 While this drift was pressure dependent, it was felt to be linear over the course of the recording, and so could be adjusted for by a two-step "interpolated TC" algorithm within the system software. However, that study only examined very low pressures (2.9 and 6.6 mm Hg) that were applied over the course of the recording. Thus, that study could not have detected the significant effects of higher pressure application on PD that were identified in this study. 10 In addition, inspection of the raw pressure recordings in this earlier study show that, while overall the PD is linear with time, individual sensors can be highly non-linear during portions of the recording, making any post-hoc linear compensation algorithm subject to substantial error.
Based on the user's manual of Manoview analysis™ software, the "TC" correction should be applied to prepare the study for analysis. The vertical time bar is placed after the "waterfall image"
and in the beginning of the atmospheric dangle to adjust the baseline pressures. 7 We have observed situations in which clinicians have applied the TC tool while viewing the screen in a low temporal resolution (zoomed out mode), which resulted in the time being chosen for the TC baseline to fall several seconds after the "waterfall image." We tested PD at 0.5 and 5 seconds after termination of all experiment. We found that PD is significantly different at these two-time points and this difference is different for pressureinduced and temperature-induced hysteresis. While the pressure PD (i.e., deformity related) quickly fades, temperature PD may even grow in amplitude over time. Therefore, placing the vertical bar exactly at the end of the "waterfall image" becomes important.
In summary, pressure exposure, temperature variation, and catheter impingement of a degree likely to be encountered during clinical manometry alter pressure recordings reported by the Manoscan in a manner that cannot be accounted for by the currently available postprocedure compensation algorithms.
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